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Nitrodisulfides on treatment with Sml, in anhydrous THF at room temperature lead to reactive intermediates, which
are “living” double-anions and react smoothly with a,3-unsaturated ketones to afford 2,3-dihydro-1,5-benzoth-
iazepines in good yields under mild and neutral conditions.

1,5-Benzothiazepine derivatives are very important and usefiTable 1 Synthesis of 2,3-dihydro-1,5-benzothiazepines by Sml,
compounds in organic and pharmaceutical chemistry. Krapchi

and Yalé reported that some derivatives have therapeuticc"Y X Ar R T(h) Yield(%)®
activity as central nervous system depressants, ataractic agelga H  CeH, Ph 2 78
and antispasmodics. Recently 1,5-benzothiazepine derivative3b H  p-CICH, Ph 3 72
can be used as antihypertensive dfugs anticonvulsant 3c H  p-CH,CiH, Ph 2 83
agents The methods for synthesis of 1,5-benzothiazepine3d H  p-CHOCH, Ph 2 84
from o-aminothiophenol andx,B-unsaturated ketontsor 3: : g’t(OCHzo)CGH3 IF\’/Ih g ég
chalcone3 have been studied extensively. 1,5- 3g c oK Phe 3 72
Benzothiazepine derivatives can be also produced by one pgp cl ,,,_6C|5ce|.|4 Ph 4 67
synthesis fromo-aminothiophenol,w-bromoacetophenones  3i Cl  p-CH,C(H, Ph 4 71
and aromatic aldehydésHowever most of above methods glk g: 5'5?8856'8% ’ EE i gg
involve harsh conditions such as the use of acid or base cat a cn, 226 LD eH 12 B9

lysts, moderate to high thermal conditions as well as lonc
reaction times. 2lsolated yield based on nitrodisulfides.

Samarium diiodide (Srgl has evolved as an exceedingly
reliable, mild, neutral, selective and versatile single electronunsaturated ketones at room temperature to afford 2,3-dihy-
reducing agent for promoting reductive reaction difficult to dro-1,5-benzothiazepine3 in good yields. The results are
accomplish by other existing methodologies. lts extensivesummarized in Table 1. It is apparent from Table 1 that chal-
application in organic synthesis has been reviewed in the paspnes are more active to react with the new anion sp2cies
decad€.The reduction of nitro groupand reductive cleavage than any othea,B-unsaturated ketones.
of S-S, Se-Se, Te-Te bofldsy Sml, have been studied In summary, a new route to 2,3-dihydro-1,5-benzoth-
extensively. However, to our knowledge, the simultaneousiazepines has been developed, the advantages of which are the
reduction of more than one group by Srhlas not been accessibility of the starting materials, simple and mild reac-
reported in the literature. Herein we describe our preliminarytion conditions, convenient manipulation and good yields.
results on the simultaneous reduction of the nitro group and
the S-S bond in nitrodisulfides by Spahd its use in the syn-  Experimental

thesis of 2,3-dihydro-1,5-benzothiazepines (Scheme 1).  General: Tetrahydrofuran (THF) was distilled from sodium-ben-

zophenone immediately prior to use. All reactions were conducted
NO, % N(STI) o N R under a nitrogen atmosphere. Melting points were uncorrected.
Smiy/THF ATCH=CHCR X = Infrared spectra were recorded on IR-408 spectrometer in iBr.
\Q rt ssmi, \@ } NMR spectra were recorded on Bruker /8D spectrometer as
% s, CDCl, solutions.J values are in Hz. Chemical shifts are expressed in
ppm downfield from internal tetramethylsilane. Mass spectra were
Scheme 1 recorded on HP 5989B MS spectrometer. Microanalysis was carried
out on a Carlo-Erba 1106 instrument.
General procedure for the preparation of 2,3-dihydro-1,5-benzoth-
We found that when nitrodisulfideswere treated with Sml  iazepines:a solution of nitrodisulfided (0.5 mmol) in anhydrous
at room temperature, the deep blue colour of the solutioHF (3 ml) was added dropwise to 7 mmol $inldry THF (30 ml)
turned into yellow within several minutes. The above appearat room temperature. The deep blue colour of the mixture changed to
ance showed the nitro groups had been reduced and the Syglow within several minutes. Thea,B-unsaturated ketones (1

bonds had b ductively cl d simult v bv'S Immol) in THF (2 ml) were added to this solution. After stirring for a
onds had been reductively cleaved simultaneously by, oMl 4ien time (Table 1, the reaction was monitored by TLC), the reaction

the active intermediate® were formed at the same time. was quenched with dilute HCI (0.1mol/L, 3 ml) and extracted with
Although the detailed mechanism of this reaction has not beesgther (%30 ml). The combined extracts were washed with saturated
clarified, according to the relevant literatdr¥,we consider  solution of NgS,0, (15 ml), saturated brine (15 ml), and dried over
that the intermediatexare “living” double-anion species gen- anhydrous Nz5O,. After evaporating the solvent under reduced pres-

eratedin situ. These anionic species react smoothly \wifB sure, the crude product was purified by preparative thick layer chro-
matography using ethyl acetate and cyclohexane (1 : 7) as eluant.

3a, 2,3-dihydro-2,4-diphenyl-1,5-benzothiazepinmale yellow

* To receive any correspondence. crystals, m.p. 112-114°C (I3 114-115°C). v__Jcm?t

T This is a Short Paper, there is therefore no corresponding material ih610-1590(C=N), 758(C-S§,, 8.06-6.86(14H, m), 4.90-4.45(1H,
J Chem. Research (M). m), 3.10-2.45(2H, m).
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3b, 2-(4'-chlorophenyl)-2,3-dihydro-4-phenyl-1,5-benzothiazepine:
light yellow crystals, m.p. 133-135°@, , /enT! 1613-1592(C=N),
762(C-S).5,, 8.04—6.79(13H, m), 4.947%. 50(1H, m), 3.14-2.46(2H,
m). m/z363(IVI+ 2.2)

3¢, 2,3-dihydro-2-(4-methylphenyl)-4-phenyl-1,5-benzothiazeine:
pale yellow crystals, m.p. 136-138°G,_ /cn! 1605-1584(C=N),
752(C-S)§,, 7.95-6.75(13H, m), 4.90-4.50(1H, m), 3.38-2.85(2H,
m), 2.16(3H, s)m/z329(M*, 1.8).

3d, 2,3-dihydro-2-(4-methoxyphenyl)-4-phenyl-1,5-benzothiazépine:
yellow crystal, m.p. 141-143°Cv,__J/cm! 1617-1594(C=N),
1250(=C-OMe), 748(C-S9,, 8.05— 669(13H m), 4.96—4.46(1H, m),
3.72(3H, s), 3.10-2.43(2H, m/2345(w 1.2).

3¢ 2,3-dihydro-2-(3',4’-methylenedioxyphenyl)-4-phenyl-1,5-ben-
zothlazeplnéb pale yellow crystal, m.p. 149-151°Q, cm‘1

1610-1590(C=N), 2780, 925, 720(O 753(C-S). 3,

8.00-6.63(12H, m), 5.73(2H, s), 4.86-4.40(1H, m), 3.05-2.28(2H, m).

m/z359(M*, 2.5).

3f, 2,3-dihydro-4-methyl-2-phenyl-1,5- benzothiazepilyellow
crystals m.p. 123-124°C (lit}, 121-123° C). v, Jenrt
1610-1590(C=N), 2980, 1380(CH 758(C-S).5, 7. 82-6. 74(9H,
m), 4.70-4.35(1H, m), 3.10-2.75(2H, m), 203(3H s).

3g, 7-chloro-2,3-dihydro-2,4-diphenyl-1,5-benzothiazepitight
yellow crystals, mp 132-134°Cv jcnfl 1610-1580(C=N),
755(C-S), 740(C-Cl)5, 8.07- 677(13H m), 4.87-4.57(1H, m),
3.47-2.77(2H, m)m/z 349(M* 2.0), 248(36), 246(100), 105(67).
C,,H,CINS Calcd. C, 72.09; H, 4.61; N, 4.00; Found: C, 72.20; H,
4.53; N, 3.78%.

3h, 7-chloro-2-(4’-chlorophenyl)-2,3-dihydro-4-phenyl-1,5-ben-
zothiazepine: yellow crystals, m.p. 145-147°Cy__Jcmt
1610-1580(C=N), 760(C-S), 740(C-Ck, 8.00-6.70(12H, m),
4.90-4.67(1H, m), 2.62-2.34(2H, mn/z 383(M*, 1.6), 248(36),
246(100). G;H,.CINS Calcd. C, 65.63; H, 3.93; N, 3.64; Found: C,
65.39; H, 4.04; N, 3.78%

3i, 7-chloro-2,3-dihydro-2-(4’-methylphenyl)-4-phenyl-1,5-ben-
zothiazepine:light yellow crystals, m.p. 165-167°Cy, JcnT?
1610-1578(C=N), 760(C-S), 740(C-Ck,, 8.04— 692(12H m,
ArH), 4.90-4.62(1H, m), 3.14-2.74(2H, m), 2 24(3H,m)z363(M*,
1.9), 221(39), 207(100), 105(35), 77(37),,8,,CINS Calcd. C,
72.61; H, 4.99; N, 3.85; Found: C, 72.47; H, 5.10; N, 3.62%.

3], 7-chloro-2,3-dihydro-2-(4’-methoxyphenyl)-4-phenyl-1,5-ben-
zothiazepine:light yellow crystals, mp 148-150°Cv 1
1613-1585(C=N), 1250(=C-OMe), 755(C-S), 740(C-Cd,

8.02-6.75(12H, m), 4.25-4.05(1H, m), 3.51(3H, s), 3.25-2.85(2H,

m). m/z 379(MF, 1.2), 248(19), 246(49), 134(100)., 8, CINOS

Calcd. C, 69.56; H, 4.78; N, 3.69; Found: C, 69.44; H, 4.52; N, 3.51%.

3k,  7-chloro-2,3-dihydro-2-(3’,4’-methylenedioxyphenyl)-4-
phenyl-1,5-benzothiazepinkght yellow crystals, m.p. 178-180°C.
V/CNTT 2780, 925, 720(OCHD), 1615-1580(C=N), 760(C-S),
740(C-Cl). 3, 8.00-6.81(11H, m), 5.77(2H, s), 4.96-4.62(1H, m),
3.36-2.80(2H, m)m/z 393(M*, 4.2), 289(23), 246(25), 149(100).
C,,H,CINO,S Calcd. C, 67.09; H, 4.09; N, 3.56; (Found: C, 67.20;
H, 3.92; N, 3.43%.
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3l, 7-chloro-2,3-dihydro-2-phenyl-4-styryl-1,5-benzothiazepine:
light yellow crystals, m.p. 102-104°®, _ /enT! 1650, 965(C=C),
1615-1582(C=N), 760(C-S), 740(C-Ck,, 8.10-6.70(13H, m),
6.23-5.76(2H, m), 4.53-4.23(1H, m), 3.10-2.53(2H, m)iz
375(M*, 1.2), 272(16), 270(33), 247(38.6), 245(100),.t, ,CINS
Calcd. C, 73.49; H, 4.83; N, 3.73; Found: C, 73.33; H, 4.76; N,
3.57%.

We are grateful to the National Natural Science Foundation of
China (Project N0.29872010) and the NSF of Zhejiang
province for financial support.

Received 30 April 2000; accepted 21 July 2000
Paper 00/301

References

1 J. Krapcho and H.L. Yalé).S. 3,117,124.964) Chem. Abstr.,

8049a60 1964).

(a) H. Naegele, B. Behnke, A. Gebbardt and M. Strohhk@lik,

Biochem, 1998, 31, 37; b) B.J. Materson, D.J. Reda,

D.W. Williams, Am. J. Hypertensl 998,11, 597.

G. De Sarro, A. Chimirri, A. De Sarro, R. Gitto, S. Grasso and

M. Zapala,Eur. J. Med. Chem1995,30, 925.

(&) W. Ried, W. MarkChem. Ber. 1957,90, 2683; (b) L.K.

Mushkalo, ,Zh. Obshch. Khim.1958,28, 507; (c) O. Hideg-

Hankovszky and K. Hidegjcta Chim.(Budapest1971,68, 403.

(a) W.D. Stephens, L. Field, Org. Chem.1959,24, 1576; (b) L.

Albert, B. RezsoActa Chim. Acad. Sci. Hungl976,88, 293

(Chem. Absty.1976,85, 94331p); (c) A.K. Gupta, V.K. Singh,

Pant, U.C.Ind. J. Chem.1983,22B, 1057.

D.M. Rao, T. Giridhar, R.B. Reddy and G.V.P.C. Molrig. J.

Heterocycl. Chem1995,5, 145.

For reviews see: (a) G.A. Molander, C.R. Hartfiem. Rey.

1996,96, 307; (b) T. Imamotd,anthanides in Organic Synthesis

Academic Press: London, 1994, Chap. 4; (c) G.A. Molander,

Chem. Rey.1992,92, 29. (d) D.P. Curran, T.L. Fevig, C.P.

Jasperse and M.J. Totleb&ynlett 1992, 943.

(a) Y. Zhang and R. Lirgynth. Commun1987,17, 329; (b) D.L.

Souppe, J.L. Namy, H.B. Kagad, Organomet. Chem1983,

250, 227.

(a) S.X. Jia and Y.M. Zhan§ynth. Commun1994,24, 387; (b)

Y.M. Zhang, Y.P. Yu, R.H. LinSynth. Commun1993,23, 189;

(c) S. Fukuzawa, Y. Niiomoto, T. Fujinami and S. Sakai,

Heteroatom Chem1990,1, 490.

(a) L.H. Zhou and Y.M. Zhan&ynth. Commun1998,28, 3249;

(b) L. Wang and Y.M. Zhangsynth. Commun1999,29, 3107;

11 Q. Xing, S. Jin, J. Ma, D. Qkou Ji Hua Xug1985, 3, 212
(Chem. Absty.1985,10524236u)

2

©

10



